We have explored how a conversational agent can introduce a selected topic in an ongoing non-task oriented interaction with a user, where the selected topic has little to do with the current topic. Based on the reasoning process of the agent we have constructed a set of transition strategies to introduce the new topic. We tested the effects of each of these strategies on the perception of the dialogue and the agent.
Introduction
The choice of the dialogue topics that an agent initiates in non-task oriented human-agent interaction is important for several aspects of the interaction such as the coherence of the interaction (Macias-Galindo et al., 2012) and the user's engagement . Multiple efforts are oriented towards the selection of the appropriate topic at a specific point in the interaction. However, how the selected topic can or should be introduced by the agent has not been given much consideration in non-task oriented dialogue.
In this work we will explore the latter aspect by looking at utterances that may be used to initiate a transition from one topic to another. We shall call these utterances transition strategies. By comparing a selection of transition strategies we try to answer two questions: 1) What strategies have the potential of keeping/making the dialogue coherent? And 2) what effect do the use of the different transition strategies have on the perception of the conversational agent? The answers to these questions will serve to automatically generate agent strategies to connect one topic to another in non-task oriented dialogue.
Domain
This research is performed for the French project 'Avatar 1:1' that aims at developing a human-sized virtual agent in a museum. The goal of the agent is to engage human visitors in interaction about the artworks of the museum. In this informationgiving chat each artwork that is discussed is defined as a topic of the interaction. The discussion of an artwork's characteristic corresponds to a subtopic .
Previously, we found out that the topic of the interaction has an important influence on the user's level of engagement . We had human users talk with a virtual agent that addressed several topics, correponding to different artworks. The users indicated that they were more engaged when the agent talked about artworks for which the users have a stronger preference (defined here as degree of liking) than when the agent talked about less preferred topics . We are therefore working on an engagement driven topic manager that dynamically selects topics for the ongoing interaction taking into account the user's preferences . In the present work we are interested in agent strategies that may be used to connect the newly selected topic to the current topic of interaction. This is necessary as the topics are primarily selected according to their potential of engaging the user instead of their coherence with respect to the previous topic. Where other dialogue systems look at what topic is coherent at a specific point in the interaction (e.g. MacialGalindo et al., 2012; Breuing and Wachsmuth, 2012; , we are looking at possible strategies to introduce a topic coherently.
Related Work

Transition Strategies in Theory
Literature about transition strategies outside taskoriented applications can be found in the domains of conversational analysis and social sci-ences, where they are studied from an observational (detection) point of view. Downing (2000) distinguishes two forms of introducing a topic: by means of an informative statement, and by asking a question. By informing the speaker assigns him/herself the role of topic supplier, whereas by questioning or eliciting a topic this role is offered to an interlocutor in the discourse.
Similarly, Button and Casey (1985) define two global ways of introducing a topic that is not related to the prior topic in a conversation: by a topic initial elicitor that is used to elicit a candidate topic from the next speaker while being mute with respect to what that topic may be, and by topic nominations that are oriented to particular newsworthy items. Two sequence types that may be used for topic nomination are itemised news enquires and news announcements. An itemised news inquiry is oriented to a recipient's newsworthy item where a news announcement is oriented to a speaker's newsworthy item.
Maynard and Zimmerman (1984) identified four topic initiation strategies in dyadic humanhuman conversations. For acquainted parties: displaying prior experience and using setting talk, and for unacquainted parties: categorisation question-answer pairs (e.g. year in school, academic major, etc.) and question-answer pairs involving activities that are related to the categories.
Hobbs (1990) focuses on three coherence relations that he claims are responsible for most of the so-called topic drift in dialogue: parallelism, explanation and metatalk. Parallelism between two segments occur when the two segments assert propositions from which we can infer that identical properties hold of similar entities, or that similar properties hold for identical entities. An explanation occurs when one segment functions as the explanation of a previous segment and metatalk asserts a relation between some segment and the goals of the conversation.
Transition Strategies in Dialogue Systems
To our knowledge, existing dialogue systems that explicitly consider different strategies to introduce a particular topic have been developed exclusively for task oriented interaction, in particular in the form of task interruption strategies. In this context McFarlane (2002) defines four primary methods: immediate, negotiated, mediated, and scheduled interruption. Yang et al. (2008) found out that dialogue partners usually use discourse markers and prosody cues to signal task switching. Guided by these works Heinroth et al. (2011) looked at 4 different task switching strategies: unassisted immediate topic shift, discourse markers combined with prosody cues, and two full sentence initialising topic shifts to produce a more natural dialogue flow and to increase the timespan the user has for task switching: explanation and negotiation strategies. The explanation strategy explains what task is about to be started and the negotiation strategy asks for permission to switch a task. They evaluated the use of these four strategies on several dimensions and found that the explanation strategy showed high scores regarding efficiency and userfriendless and supports the user to memorise the tasks. Other strategies showed advantages such as being less irritating.
Guidelines for Topic Transitions
The above mentioned research demonstrates that there does not exist one overall taxonomy of transition strategies that can be used as a recipe for transition strategy generation in non-task oriented dialogue. This lack shows the need of our own research towards transition strategies and makes us fall back to the following generally accepted ideas about topic switching: According to Clark (1996) a topic can be described as a joint project as it is jointly established during ongoing conversations. Svennevig (2000) adds that every spoken contribution may raise new potential topics whose actual realisation depends on the co-participant's acceptance by picking up one of these topics within his or her reply. To conclude, Sacks (1971 , April 5 in: Levinson, 1983 made an overall remark that what seems to be preferred for a topic shift is that if A has been talking about X, B should find a way to talk about Z (if Z is the subject he wants to introduce) such that X and Z can be found to be natural fellow members of some category Y. In the current work we try to collect more precise indications about how to generate transition strategies in non-task oriented dialogue.
Methodology
In order to find out what strategies a conversational agent can use to initiate topic transitions in nontask oriented dialogue we follow Heinroth et al. (2011) Yes, I've read so too. Table 1 : An example of a dialogue fragment preceding a topic switch initiated by a transition strategy. In the experiment this dialogue fragment (translated) serves as the context of scenario 1 (Section 4.3).
the perception of the dialogue and the agent. In the subsections below we respectively discuss the steps to achieve this: the specification of the context of the transition strategies (Section 4.1), the design of the transition strategies themselves (Section 4.2), the setup of the experiment to test the set of strategies (Section 4.3), and the questionnaire that will be used for this (Section 4.4).
Context of the Transition Strategies
The strategies that have been mentioned in previous work vary with respect to the context. Some strategies work for topics that are interesting for the listener and others for those that are interesting for the speaker (Button and Casey, 1985) . Some strategies are used by acquainted parties and others by unacquainted parties (Maynard and Zimmerman, 1984) . Explanation strategies in the sense of Hobbs (1990) , as well as metatalk only work for a specific set of topics. These constraints imply that the strategies that can be used to introduce a topic in a conversation depend on the relation between the current topic of the dialogue and the new topic that is to be introduced. The first step in generating transition strategies is thus to define this relation. In the context of project Avatar 1:1 (Section 2) we are looking at strategies that an agent can employ in interaction with an unacquainted user to make the transition between two discussion phases about two different artworks. In the current work we will focus on what seems the most extreme case, namely the transition between discussion phases of two very different artworks: Artworks that have nothing in common except from the fact that they are both artworks in the same museum. In this way we test if the agent's topic manager can indeed be allowed the flexibility to select any given artwork of the museum as next topic of the discussion. Such flexibility helps finding (initiating) the topic that engages the user most .
To be more precise, in Table 1 we give an example of a dialogue fragment that proceeds the moment at which the new topic, corresponding to a very different artwork than the one discussed, is to be introduced. As the timing of introducing a new topic may have an influence on the perception of the topic switch (Clark, 1996) we limit this research to a topic switch that occurs after the conversation has addressed respectively the artist and the period of the former discussed artwork.
Design of Potential Transition Strategies
Due to the nature of the context we are dealing with, the potential transition strategies to introduce a discussion phase of another artwork are limited to the following categories from the literature: explanations in the sense of Heinroth et al. (2011) , informative statements (Downing, 2000) , itemised news enquires and news announcements (Button and Casey, 1985) , categorisation question-answer pairs and question-answer pairs involving activities (Maynard and Zimmerman, 1984) , and parallelism (Hobbs, 1990) . It is however not prescribed how we could generate formulations for each of these detection-based categories for the context we are looking at. We thus base the manual creation of a set of potential transition strategies that belong to one or multiple of these categories, on the general guideline by Sacks (1971, Section 3.3).
According to Sacks (1971) we need to find a way to let the former (current) and the next (selected) topic be members of some category Y. We try to do this by (indirectly) referring to an element that is used in the agent's reasoning process to talk about the next topic. The agent disposes of a knowledge base that holds information about certain artworks from the museum. From this set of artworks it selects dynamically a new topic of discussion with the goal of maximising the user's engagement level, taking into account the characteristics of the artworks (e.g. period, artist), the
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Characteristics(i, j) in Object E.g. An artwork from another period is the Balloon Dog by Jeff Koons Knowledge Base Table 2 : Potential transition strategies to connect the discussion phases of two very different artworks (translated). i is the current topic of the interaction and j is the one to be introduced. A = Agent, U = User, P ol = Polarity, P ref = Preference.
preferences of the user and the agent for an artwork (degree of liking), and the agent's associations . The set of potential transition strategies that we created by referring to these elements is listed in Table 2 . For each of the strategies we formulated an agent utterance to realise the strategy. Strategies 9 and 10 that insist on the (in this case contrasting) characteristics of the artworks are added as a reference to the strategies that we would use for the transition between artworks that have characteristics in common (the category Y).
Experimental Setup
Inspired by the existing literature we have created a set of potential transition strategies for the context we are looking at. In order to verify if each of these strategies is suitable to be generated by the agent to switch the topic in the information-giving chat with the user we perform an empirical study. By means of an online questionnaire we test the effect that the different transition strategies have on the perception of the dialogue and the agent.
To this end we present each participant with 2 different dialogue fragments (i.e. contexts) consisting of agent utterances and simulated user inputs (as e.g. Macias-Galindo et al., 2012). Each scenario is followed by 3 randomly assigned transition strategies, displayed next to each other. We do not show the utterances that may follow the transition strategies. In this way we do not show an acceptance or rejection of the topic by the user (Clark, 1996; Svennevig, 2000) . Directly after each of the 3 transition strategies we ask the participants to answer several questions (Section 4.4). Appendix A shows a fragment of the website for this experiment. We use a written setup to allow the participants to consider multiple strategies at the same time in the same context, enabling crosscomparison and rereading as much as desired. Besides, in this way the judgements are not disturbed by unnatural text-to-speech realisations.
As mentioned before, the dialogue fragment that represent the former topic in the context and the topic that is addressed in the transition strategies (next topic) are about very different artworks. We test 2 topic pairs for each participant (i.e. 2 different scenarios) to anticipate possible effects that are due to individual characteristics of a particular context. Scenario 1 consists of the discussion of a painting by Monet (shown in table 1) followed by transition strategies introducing a statue by Jeff Koons (listed in Table 2 ). Scenario 2 consists of the discussion of a painting by Mondrian followed by transition strategies introducing David, the statue by Michelangelo. The alternation of agent-user utterances, the number of utterances and the order of the subtopics are the same in both context fragments. The order in which the scenarios are presented to the participants is random. Pictures of the artworks next to the questionnaire make sure that all the participants know what the artworks look like (Appendix A).
Questionnaire
For each of the 3 selected transition strategies we ask questions on a scale from 1-9 (shown in Appendix A) (following Bickmore and Cassell, 2005) . The first 3 questions relate to the perception of the dialogue and serve to answer the first question we try to answer (Section 1): What strategies have the potential of keeping/making the dialogue coherent? We ask respectively if the participant finds the dialogue natural (Nakano and Ishii, 2010; Bickmore and Cassell, 2005) , coherent (Macias-Galindo et al., 2012), and smooth (Higashinaka et al., 2008; Nakano and Ishii, 2010) .
The following 5 questions serve to answer our second question (Section 1): What effect do the use of the different transition strategies have on the perception of the conversational agent? We ask respectively to what extent the participants find the agent friendly, warm, fun (in French "stimulant"), competent and informed (in French "cultivé) (Bickmore and Cassell, 2005) . These measures are related to 2 important social aspects, warmth and competence (Fiske et al., 2007) .
Results
83 subjects filled out the questionnaire: 56 female, all native speakers of French, aged 19-69. In the subsections below we show the results of the experiment specified for the two issues we are looking at: the perception of the dialogue and the perception of the agent.
Dialogue Perception
For each strategy, the perception of the dialogue has been questioned for the two scenarios and on three dimensions: naturalness, coherence, and smoothness. For each of these dimensions the results show no significant difference between the two scenarios (Kruskal-Wallis). This means that we can take the data for both scenarios together, as shown in Figures 1, 2, and 3 .
For all three dimensions the scores differ significantly among the strategies (Kruskal-Wallis p < 0.01). Regarding the level of naturalness and smoothness, Kruskal-Wallis multiple comparisons show that the significant differences are due to the strategies 9 and 10 that score significantly lower than some others, indicated by the horizontal brackets in the graphs. Regarding the coherence of the dialogue, strategy number 10 leads to a significantly lower level than other strategies. Only strategies 1 to 7 show a higher mean than the average level (4.5 on a scale of 9) on the dimensions of naturalness and smoothness. With respect to the level of coherence, except from strategies the 8, 9 and 10, strategy 3 also scores lower than average (mean).
As mentioned in Section 4.2 the strategies are either oriented towards the agent, the user, or the (characteristics) of the object (artwork). The strategies from the latter group lead to significantly lower levels of naturalness, coherence and smoothness in comparison to the strategies with another orientation (both scenarios, KruskalWallis p < 0.01). There is no significant difference in the scoring of the strategies that are agent oriented versus the ones that are user oriented with respect to the perception of the dialogue.
Agent Perception
Questions 4 to 8 are about the way the participants of the experiment perceive the social competence (Fiske et al., 2007) of an agent that would use the transition strategies in the context in which they are presented. The results show that between the two scenarios, the participants find the agent not significantly different with respect to its level of friendliness and knowledge ("informed") (Kruskal-Wallis). For these dimensions we can thus analyse the data for both scenarios together. Figure 4 and 5 specify the distributions of these dimensions for every strategy. The level of friendliness differs significantly among the strategies (Kruskal-Wallis p < 0.01), which is due to strategies 8, 9, and 10 (Kruskal-Wallis multiple comparisons). However, only strategy 10 scores below average for the level of friendliness (mean < 4.5). For all strategies the agent is not perceived significantly different with respect to its knowledge ("informed") and all of the strategies score above average on this dimension (mean < 4.5).
In contrast to the agent's level of friendliness and knowledge ("informed"), for the dimensions of warmth, fun and competence, some strategies are significantly differently judged among both scenarios (Kruskal-Wallis p < 0.05). Figure 6 , 7 and 8 show the distribution of the results specified for both scenarios. The circled numbers indicate the strategies that are judged differently between both scenarios. On the dimension of warmth, strategy number 8 scores significantly higher in the second scenario (Monet-Koons) than in the first (Mondian-Michelangeloo). Together with strategy 6, strategy 8 also scores higher in the second scenario with respect to the level of fun that the participants perceived in the agent. Further, in the second scenario strategies 4 and 6 score higher on the dimension of competence than in the first scenario.
With respect to the agent's perceived level of warmth as well as fun, in scenario 1, strategies 8, 9 and 10 score significantly lower than other strategies (Kruskal-Wallis p < 0.01). In this scenario strategies 6, 8 and 10 also score below average (mean < 4.5). For scenario 2 strategy 10 scores significantly lower than other strategies (KruskalWallis p < 0.01) and falls below average. Scenario 1 shows significant differences between the scorings of the agent's perceived level of competence (Kruskal-Wallis p < 0.01). Multiple comparisons (Kruskal-Wallis) do not indicate a specific pair of strategies that is responsible for this difference. Strategy 3 is the only strategy that scores below average (mean < 4.5). In scenario 2 the strategies show no significant differences or scorings below average.
Comparing the strategies that are oriented towards the agent with those that oriented towards the user (Table 2) does not lead to a significant difference with respect to the perception of the agent (both scenarios, Kruskal-Wallis). The strategies that are not oriented towards the agent or user, but refer to the (characteristics) of the object (artwork) lead to significantly lower levels of friendliness, warmth and fun in comparison with the strategies that are oriented towards the interaction participants (both scenarios, Kruskal-Wallis p < 0.01).
Within the group of strategies that are agent or user oriented, we can make another grouping according to the element of the agent's reasoning process that is referred to: preferences (1,2,4,5), associations (3) and the presence of an artwork in the agent's knowledge base (6, 7) . A comparison between these groups leads to one significant re- sult: in scenario 1, strategies that use preferences score significantly higher on competence than the strategies from the other groups (Kruskal-Wallis p < 0.01, Kruskal-Wallis multiple comparisons).
Discussion
The results show that the transition strategies that insist on contrasting characteristics of the artworks such as a different artist (strategy 9) or period (strategy 10) lead to scores below average (4.5 on a scale of 9) with respect to the level of naturalness, coherence and smoothness. On the level of naturalness and smoothness the difference with the other strategies is significant. This demonstrates that even when the artist and period of the former artwork have been discussed just before the transition strategies, making transition strategies that are based on (referring back to) the earlier discussed characteristics (subtopics), does not guarantee a natural, coherent and smooth dialogue.
The fact that strategy 8, that presents another artwork as just being another artwork, scores below average on naturalness and coherence, shows that "being an artwork" is not a category that can sufficiently bind both topics ("category Y" by Sacks, 1971 in Levinson, 1983 . This can have several reasons: The transition strategy may not succeed in presenting the former and latter artwork in being natural fellow members of some category Y, in this case being an artwork. Category Y may need to be a more restrictive (distinctive) category than one to which all topics belong (all topics are artworks) in order to bind two specific topics. Or, making both topics natural fellow members of some category Y may not be sufficient in general to establish a natural and coherent dialogue.
A reason why strategy 3 that is based on the associations of the agent, scores bad on coherence but well on naturalness and smoothness may be due to the fact that the participants can find the association itself incoherent. Due to the contrasting characteristics of the artworks the participants may find it incoherent that the first artwork reminds the agent of the second. However, given that the strategy is considered natural and smooth implies that it might be a suitable strategy to connect the discussions of two similar artworks.
The same explanation can be given for the low scoring of this strategy (3) with respect to the perception of the agent's level of competence (scenario 1). When the agent associates two artworks that do not seem alike the agent is perceived less competent than average.
The strategies that lead to low scores on naturalness, coherence and smoothness of the dialogue (8, 9 and 10) also score relatively low with respect to the perception of friendliness, fun and warmth of the agent. This gives us reasons to suspect that both aspects are related: when a dialogue is not considered natural, coherent or smooth, the agent is not considered as very friendly, fun and warm.
The participants do not perceive the agent significantly more or less informed when it uses certain transition strategies instead of others. This shows that referring explicitly to the characteristics of the artworks such as its artist (9) or period (10) does not make the agent look more informed than when the strategies refer to more subjective aspects of the agent's reasoning process, such as its preferences or associations.
On the contrary, strategies that refer to the preferences of the interaction participants score significantly higher with respect to the agent's level of competence than the strategies that use other variables from the agent's reasoning process.
With respect to the consequences of the transition strategies on the perception of the dialogue the results have shown no significant difference among both scenarios. The effects on the perception of the dialogue that are discussed in this Section seem thus generalisable for the domain we are looking at (Section 4.1). However, for some transition strategies the perception of the agent is judged significantly differently among the two scenarios. For example, strategy 6, a statement of the fact that the agent has seen some other artwork, has in some contexts a negative influence on the agent's level of fun and competence, where this is not the case in other contexts. In the two scenarios that were used for this experiment the type of information, the utterance types, and the number of utterances are equal. Therefore, further research will be needed to show what exactly the underlying reason is that the same strategies lead, in a different scenario, to a difference in the perception of the agent.
Conclusion
In this work we have looked at how a selected topic of discussion can be introduced by an agent in an ongoing non-task oriented dialogue. In the context we are looking at, each topic consists of the discussion of an artwork from a museum. Inspired by social and conversational analytic literature we first constructed a set of candidate transition strategies. We then checked the consequences of each of these transition strategies on the perception of the dialogue and the agent.
We have found that the strategies that score well on all dimensions and all tested circumstances are those that ask for the experience of the user, and those that refer to the preferences of the interaction participants. Whether the preference is the agent's or the user's, and whether or not the new topic is preferred over the current one, transition strategies that integrate any type of preference maintain the coherence of the dialogue while maintaining/establishing a positive perception of the agent. The fact that certain transition strategies can connect topics about very different artworks while maintaining positive perceptions of the dialogue and the agent, shows that the agent's topic manager can indeed be allowed to select any topic required to engage the user at any moment in the conversation .
We plan to use the observations we obtained in this study by automatically generating appropriate transition strategies for the conversational agent whenever the topic manager initiates a topic switch. The automatic generation of the transition strategies could be performed by means of templates where the object names and characteristics can be generated from the agent's knowledge base. In the future we would like to explore the effects of the timing of the topic switch on the perception of the topic transition (Clark, 1996) . Lastly, we would like to consider the agent's non-verbal behaviour with respect to topic switching. Nonverbal behaviour plays an important role in topic switching (Kendon, 1972) and in the perception of verbal behaviour in general (Sidner et al., 2005) .
